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to fit the cross section of stern overhang, in which it is 
housed (Fig. 2). 
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Fig. 2. Rectangular stern shield ZUH1. 


Two vertical straight side edges are provided with hinged 
vertical flaps [2] enabling the angle of outflow of propeller 
wake to be regulated from 0° to 90° for controlling the braking 
forces and by asymmetrical opening the flaps for creating 
a side force for auxiliary steering. Top edge is straight with 
an overhang forward. Shields are placed behind the propeller 
[4] and the rudder [5]. Thus no major modifications of ship’s 
hull are required. The shield has a three point suspension 
consisting of two bottom stays of fixed length [6] fastened 
hinge wise to each vertical edge of the shield and to the 
ship’s hull. Top attachment of the shield consists of one 
hinged bearing fastened to a sliding crosshead [7]. 

This mode of attachment allows lowering and lifting the 
shield by means of hydraulic lifting device within 10 
seconds. In stowed position the shield is completely above 
the water matching the external lines of the ship and thus 
does not create any resistance. 


* circular profile shield (ZUH2) of 190 mm diameter (1.6 x 
propeller diameter) of simplified design and without flaps 


(Fig. 3). 


Sites 
Fig. 3. Circular stern shield ZUH2. 


= 


Both these devices were tested on the “Panamax” 
model at a steady propeller speed 750 min !. The results 
of these tests show great effectiveness of these devices 
(Fig. 4 & 5) as compared with inertia braking and propeller 
reversed at — 375 min !. 


V [m/s]t 


- 0.54 


Fig. 4. Speed versus braking time. 1 — inertia braking; 
2 — reversing the propeller 375 min”; 3 – ZUHI; 4 — ZUH2. 


POLISH MARITIME RESEARCH, Special issue 2007/51 83 


Devices improving the manoeuvrability characteristics of ships 


- 0.54 


Fig. 5. Speed versus distance travelled. 1 — inertia braking; 
2 - reversing the propeller 375 min !; 3 — ZUHI; 4 — ZUH2. 


The device ZUHI shows better effectiveness than ZUH2. 
The head reach in comparison with the reversed propeller 
braking (106 m = 11.86 x Ly) is considerably shortened 
with the stern shield ZUHI (46.0 m = 5.15 x Ly, ) and ZUH2 
(63.0 m = 7.0 x Lyr). When the model comes to a full stop 
with the shield lowered and the engine continuing to work 
forward at a steady speed of 375 min !, the model begins to 
move aft with increasing speed down to — 0.3 m/s. There is no 
need to stop and to reverse the engine. The engine is working 
all the time forward. Full course control is maintained during 
the whole process of braking and backing by means of ship's 
conventional rudder. 

In order to get independent results of these two braking 
devices (ZUH1 + opening bulbous bow) tests have been ordered 
by the Gdansk University of Technology to the Ship Design 
and Research Centre (CTO) and they were carried out in the 
towing tank with a self propelled model of a 55000 TDW bulk 
carrier in scale 1:45.71 (length of the model Ly, = 4.618 m; 
speed of the model = 1.216 m/s equivalent to 16 knots of the 
ship). The results are shown in Tab. 3. 

The above obtained results refer to the model only. Inertia 
braking distance was shortened by 44.4% with the use of bulb 
device (test No. 2). Crash stop of full size ship according to 
trial report amounted to 1.980 m with a 80? change in course 


of ship. For the model it was accepted as 41 m (test No. 3). 
The effect of devices upon the braking distance are shown as 
results of tests Nos. 4, 5 & 6. The design of the ZUHI should 
be improved because large part of the propeller stream was 
escaping above the shield. 

The shield gives an improved manoeuvrability at slow 
speeds, where balance rudder is not efficient enough or in case 
ofthe loss of normal steering equipment for auxiliary steering, 
as was the case with S/T “Amoco Cadiz". 


STEERING AND BRAKING DEVICE - 
- “DOERFFER’S RUDDER” 


Stern shield gave impact to further studies and a new 
steering & braking device called “Doerffer’s Rudder” was 
invented and developed (Fig. 6). It works at braking on the 
same basic principle as the stern shield. This rudder consists 
of a fixed forward part [1] and a swinging after part divided 
in the plane of symmetry into two blades [2 & 3], which can 
be swung open independently to on angle of —40? to +110° 
forming a shield behind the propeller. A vertical flap [4 & 5] 
is fitted on the trailing edge of each blade. These flaps could 


Fig. 6. Steering and braking device "Doerffer s Rudder” (SUH). 


Tab. 3. Test results of braking the model of 55000 TDW. 


Braking 
distance S 
[m] 


Description 
of test 


Distance Summary force 
decrease in stays revolution 


[%] [kG] 1871] 


РгореПег 


Inertia stopping 115.5 


: - 0 


Inertia braking 


with bow device 64.2 


444 ! 0 


Crash stop 41.0 


17 forw. 12 
revers. 


Braking with ZUH1 31.6 


17 


Braking with ZUH1 


+ bow device 288 


17 


29.7 


Crash stop + bow device 


17 forw. 12 
revers. 


Note: 
! - referred to braking distance in test No. 1 
? - referred to braking distance in test No. 3 
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be swung open through an angle from 0° to 90°. As each blade 
has to be operated independently there are two rudder stocks 
fitted— an internal and an external one. Each rudder stock is 
activated by a separate steering engine through a total angle of 
150°. The flaps could be activated by a fixed length stays [6] 
proportionally to the angle of blade opening or independently 
by hydraulic power hinges. 

This type of rudder was fitted on the model of a “Panamax” 
ship and very thoroughly tested with regards to stopping and 
steering abilities. A very wide programme has been carried out in 
order to find optimum angles of opening the blades and flaps and 
the related braking and turning forces. The following parameters 
were recorded and the results are presented in Tab. 4 : 


€ time taken to stop the model [t] seconds 

% distance travelled [s] meters 

© speed astern [-V ] m/sec after 240 seconds with propeller 
working forward. 


Attention is to be drawn to the method of conducting the 
braking tests. On a stationary model the propeller is reversed 
to the required speed and only then it is accelerated to the 
equivalent service speed with the towing carriage. After this 
speed is reached, the towing carriage is disengaged and the 
braking process is commenced with “Doerffer’s Rudder” the 
rudder is opened to required angle and the propeller is started 
forward. The model is accelerated to required speed and only 
then the towing carriage is disengaged. Thus in these tests no 
stopping and reversing the engine is simulated and thus the 
results are better than they would have been on a real ship. 
With “Doerffer’s Rudder” this manoeuvre is very much shorter 
and once the opening procedure is started the braking process 
starts right away. 


Tab. 4. Measured test parameters. 


Speed 
astern 
after 
240 


Distance 


= 
Many travelled 


penne taken to 
of flaps 


© stop 
[°] [5] 


The best results are obtained with blades opened to 90° and 
flaps opened to 30° and 90°. Increasing the angles beyond these 
figures is not necessary, because it might complicate full size 
design. The possibility of obtaining astern speed with propeller 
running forward is a very positive feature of this device. All 
the speeds from top speed forward to top speed aft could be 


obtained by means of opening the blades (Fig. 7). Zero or near 
zero speeds could be obtained by opening the blades and flaps 
to angles shown in Table 5. Although the propeller is working 
at top revolutions the model remains stationary. 


V [m/s]t 0°/0 
1.54 
1.04 

1 

0.54 

75°/0° 

T T T T ый 
200 400 600 800 n [min] 
75°/60° 

- 0.54 


Fig. 7. Speed of ship versus revolutions forward; 1 — speed with rudder 
blocked; 2 — speed with rudder opening at steady 750 min” forward. 


У [m/s] t 


0.54 


- 0.54 


Fig. 8. Speed versus braking time. 1 — inertia braking; 2 – DUH with 50° 
opening; 3 - DUH with 110? opening; 4 — SUH with 90°/30°; 
5- DUH 70° + SUH 90°/70°. 


Tab. 5. Angles of blades and flaps opening for zero speeds. 


Angle of blade Angle of flap 
opening opening 


Il Il 


Speed of model 
at 750 min'! 
[m/s] 


In the towing tank of 12.0 meters width this model (9.2 
meters long) has shown excellent manoeuvring abilities 
carrying out comfortably pullout test and a 180? turn at a speed 
of 0.6 m/sec. The result of braking the model with *Doerffer's 
Rudder" only opened to an angle 90?/30? brought the model 
to a full stop the head reach s = 4.8 x Ly, is shown on Fig. 8 
& 9 by curve [4]. When at the beginning of braking operation 
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the bulbous bow is opened simultaneously to 70°, the result 
is shown by curve [5]. The head reach is reduced to s = 3.2 x 
Ly : This result compared with inertia braking [1] and with 
braking by means of reversing the propeller about 12 x Ly, 
is astonishingly good. This means shortening the stopping 
distance by 60% and when DUHI is added, by 77.15% with 
full course control and no side transfer. 

The model was showing exceptional manoeuvring abilities. 
The model managed to manoeuvre out of the avanport of the 
model tank by its own means (Fig. 10) and to enter the model 
tank. From position [1] it moved to position [2 & 3] and then 
swung moving slowly forward to position [4], from which it 
sailed into open area of model tank. 


V [m/s] 


0.54 


3 


Fig. 9. Speed versus distance travelled. 
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Fig. 10. Panamax model manoeuvring in avanport of model tank. 
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It is a well known fact, that the wake behind the ship in 
the area of propeller disc has different pressures and speeds, 
originating the vibrations and lowering the efficiency of the 
propeller. In order to prevent this a device has been invented 
(Fig. 11), which consists of two water intakes at the bilges 
[1] joining into one duct [2], supplying water to a pump of 
98 mm diameter [3] accelerating this water and delivering it 
through the slots in upper part of the stern frame [4] into the 
area of decreased water pressure and speed. The pump has been 
designed for n= 1.125 min !, the speed of outflow stream was 
is 1.14 m/s and output of 8.6 l/s. 


Fig.11. Wake pressure equalising device (RUS). 
a) - position of equalising and emergency propulsion; 
b) — position of stern side thruster. 


The model has been tested with various speeds of the pump 
n = 450; 900; 1,350 and 1,800 min !. The measurements of 
outflow speeds were taken over an arc of 40? at V — 0 as well 
as for V = 1.63 m/s (Fig. 12). 


r/R — 0.8 


n= 1800 l/min 


320° 340? 


Fig. 12. Outflow speeds Vx at a model zero over 
an arc + 40? at different pump revolutions. 
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| V4 [m/ 
r/R = 0.8 x Ens] 


n 3450 l/min 


300° 320? 340° 0° 20° 40° 60° 
320° |0° 40° 


270° 90° 


180° 


Fig. 13. Outflow speed Vx at model speed 1.63 m/s over an arc + 40°. 
1 — pump stopped; 2 — pump at 900 min; 3 — pump at 1350 min”; 
4 — extremely bad design of stern end. 


The speed of water outflow V was measured over an arc 
+40° at model speed 1.63 m/s (Fig. 13). Curve [1] shows the 
speed of water behind the well designed stern frame, curve [2] 
when the pump is working at 900 min"! and [3] at 1.350 min. 
Curve [4] shows the speed V at the extremely bad design of 
stern end. 

As the pump is housed in a cylindrical casing it can be 
turned by 90? and used as a stern side thruster. This device 
could be used as an emergency drive in case of the failure of 
main propulsive machinery. In this case the pump should be 
driven by independent diesel generator. In order to take full 
advantage of this mode of emergency drive, it is necessary 
to have a free revolving fixed blade propeller or a variable 
pitch propeller, where the blades could be placed in a fore & 
aft direction. 


CONCLUDING REMARKS 


As the results of the tests with “Doerffer’s Rudder’, carried 
out in the cavitation tunnel and with models in the towing 
tank, have shown great merits of this device, it was decided 
to implement this device on a full size ship and to prove its 
applicability in real working conditions of a ship. Results of 
these trials are presented in part II of the paper titled “Doerffer’s 
Rudder" — experience learnt from tests carried out on real 
ships". 
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Part II 
”Doerffer’s Rudder” — experience learnt 
from tests carried out on real ships 


Jerzy W. Doerffer, Prof. 
Gdansk University of Technology 


ABSTRACT 


An account of research activities on the devices improving the manoeuvring abilities carried out at the 
Gdansk University of Technology were presented in Part I of the paper. Experience from implementation of 
open rudders on real ships is presented in Part IT. Open rudders were fitted on two full size ships: a 1000 
BHP harbour tug and a 2500 BHP long line fishing vessel. Designs were made for four types of ships: motor 
sailing passenger ship "Gwarek" (2 x 1.032 BHP and 1800 m? sail area); arctic expedition sailing ship m/y 
“Polarex” (length 40,4 m, 1200 BHP); rescue vessel R-27 (two engines a 600 BHP with single propeller); 
harbour tug m/t “Atlas” (2500 BHP). None of these designs was implemented due to financial difficulties 
of the owners. Further model experiments with a self propelled model of a cargo liner m/s “Hollandia” 
exceeding 20 knots were carried out on the lake as well as with a model of a twin screw vessel. 


Keywords : the results of tests with ,,Doerffer's Rudder”, opening balbous bow, 
opening rudder, stern shield, steering braking device, braking the ship 


INTRODUCTION 


The results oftests with *Doerffer's Rudder" carried out in 
cavitation tunnel and with models in towing tank have shown 
great merits of this device. A decision was taken to implement 
this device on a full size ship and to prove its applicability in 
real working conditions of a ship. First of all it was necessary 
to find a ship of very poor manoeuvring characteristics which 
could be used for the experiments and later on could be returned 
to service to see the merits of this device in every day life. 
That ship should have be easily accesible to the designers in 
order to make some improvements in the design or to carry out 
any repairs. Our first choice was a 24 years old harbour tug 
“Achilles” of very low manoeuvring characteristics, which was 
meant to be scrapped in few years time. In case the new rudder 
was a failure she could be scrapped with no great loss. The 
second vessel chosen for installation of “Doerffer’s Rudder” 
was a deep sea fishing trawler m/t “Kolen”. 


HARBOUR TUG “ACHILLES” 


The only change that was introduced in the rudder of 
* Achilles" was the limitation of angles of opening of blades 
from +110°/-40° to +75°/-25°. For conventional steering the 
rudder blades could be blocked and activated with one power 
unit and for braking they should be opened symmetrically to an 
angle of 75?. When the rudder blades were opened to an angle of 
48? the resultant thrust i.e. the difference between the propeller 
forward thrust and the force induced by the propeller wake on 
the opened rudder was equal to zero. Decreasing this angle 
below 48? gives a gently increasing resultant force forward, 
while increasing this angle above 48? gives the resultant 
force acting aft and the ship begins to move aft. This gives 
a possibility to start the main engine with the rudder opened 
to an angle of 48? and to obtain half or full revolutions ahead, 
while the ship is moored at the dock side. 
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The steering column contains two hand levers for setting 
the desired angle of opening of each blade and there are two 
pointers indicating the actual position of each blade. Two 
steering systems are provided : 


= a follow-up system, automatically setting the blade to the 
desired angle as indicated by the position of the lever 

= a press button system, activating respective power unit of 
a steering engine in required direction as long as the button 
is being pressed. 


Fig.1. Photo of “Achilles” steering column. 


Normally the first system is being used and the second 
system is considered as an emergency procedure. An additional 
emergency hand steering system is provided. 

The results of tests have shown the following results : 


+ The speed of the ship has been slightly increased — service 
speed increased from 10.23 knots to 10.46 knots (curve [1] 
to curve [2] — Fig. 2). There exists a possibility of continuous 
regulation of speed from maximum forward to maximum 
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astern with constant revolutions forward of the main engine 
through varying the angle of opening the blades (curve [3]), 
what is done by the skipper from the bridge. At the angle of 
48° of opening the blades the resultant force is zero and the 
ship remains stationary despite the main engine working at 
full revolutions forward 
V ^ 
[knots] 
127 


T T 
100 150 200 250 300 


44 


Fig. 2. Speed versus revolutions of “Achilles” main engine. 


+ turning ability with blocked blades and activated by one 
steering power unit to 25° Р & S at full, half and slow 
speeds has shown slightly larger diameters of circulation, 
this being due to higher initial speed of the ship. When 
a smaller diameter of circulation was required than the 
blades should be freed and larger angles applied. The ship 
is capable of rotating in place around her bow when one 
blade is opened to 75° and the other one to 25° in the same 
direction, making one full turn within 80 seconds 


+ stopping test has been carried out with blocked rudder 
blades by reversing the propeller and with rudder blades 
opening to an angle 75°/75°. The stopping distance was 
145 mas against 198 m what means shortening of stopping 
distance by 36.5 % 


+ bollard pull forward (Fig. 3) has increased by 15% with 
the new rudder [2] and astern pull with reversed engine by 
20% [5]. With opened angle 75°/75° and the engine running 
forward the astern pull [5] amounted to 4 tons (about 80% 
of pull with balanced rudder and reversed revolutions of 
main engine) 

T 4 
[tons] 
12-4 


10 7 


0 T T T T id 
0 100 200 300 rpm 
Fig. 3. Bollard pull forward and astern of “Achilles”. 


* transverse thrust at zero speed could be easily obtained 
by appropriate opening the rudder blades. By asymmetric 
opening the rudder blades to angle 45?/-20?at 350 rpm 
a very powerful transverse thrust was created up to 7.0 tons 
through the propeller stream emerging to one side only. 
Thus the rudder can act as a powerful stern side thruster 


* the reliability of all the manoeuvres is enhanced with the 
engine running all the time without stopping and reversing/ 
restarting the main engine 


+ 


no vibrations during stopping ad astern running 


+ cheaper maintenance of main engine due to running under 
steady parameters. 


Opening rudder has shown many advantages in full size 
application. It has shown that it could be easily applied 
on existing ships and radically change manoeuvring 
characteristics. The only disadvantage was the increase of daily 
fuel consumption. This was due to running the engine all the 
time even when waiting at the dock side. The tug was working 
successfully for several years, but finally had to be scrapped 
due to corrosion of the hull. 

The above results are spectacular and this is because of the 
very high ratio of installed main engine power to displacement 
of this harbour tug which is equal to 4.0. Dry cargo ships have 
generally this ratio not exceeding 0.3 and some large tankers 
have even below 0.1. As the effects of this rudder are connected 
with this ratio, the application of “Doerffer’s Rudder” on such 
vessels will give very good results but not as spectacular. Apart 
from considerable improvement in manoeuvring characteristics 
of large dry cargo ships and tankers there should be considerable 
fuel savings, reliability of main engine installation should be 
improved, maintenance costs should be lowered and break 
down limited. 


and producing transverse force. 
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FISHING TRAWLER M/T “KOLEN” 
AND OTHER PROJECTS 


The second vessel chosen for installation of “Doerffer’s 
Rudder” was a deep sea fishing trawler m/t “Kolen” which had 
to be adapted for long line fishing. For this method of fishing 
smaller vessels were being used, generally not exceeding 50 m 
length with very good manoeuvrability. But m/t “Kolen” was 
75.5 m long and the main engine was 2500 BHP (Fig. 5). 
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Fig.5. Stern frame and opening rudder of m/t “Kolen”. 


The stern frame had no heel supporting the rudder at its 
bottom end. So a special rudder front support had to be designed 
and built into the ship structure with a possibility of dismantling 
this bottom part in order to make the propeller and tail shaft 
dismantling possible for repairs. The ship with after being 
equipped opening rudder, demonstrated excellent manoeuvring 
characteristics and it was working successfully on the Atlantic. 

There were also ship owners of special purpose ships who 
ordered the designs of opening rudder for their ships — the 
ships were : 


* motor sailing passenger ship s/y “Gwarek” (212 passengers, 
1800 m? sail area, length 99 m, main engines 2 x 1032 
BHP) (Fig. 6). The ship has been fully fitted with opening 
rudder, but before final completion the owner declared 
bankruptcy and after some years a Swedish owner bought 
that uncompleted vessel, lengthened her and completed as 
a luxury sailing ship. He demanded to have a well known 
simple balance rudder because of the high underwriting 
costs in case having a rudder of unknown type. 
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Fig.6. Stern frame and opening rudder s/y “Gwarek”. 


* arctic expedition sailing ship m/y “Polarex” (length 40,4 
m, 1200 BHP). Design has been completed, but again 
the owner declared bankruptcy after the launching of 
the ship. The hull has bought by Maritime Academy in 
Gdynia, the ship has been lengthened and completed as 
a training vessel. It should be mentioned that before the 
design was made extensive ice braking trails were made 
with the tug “Achilles”, which have shown exceptional ice 
breaking abilities. These were due to very high transverse 
side thrust obtained with opened rudder which could be 
easily obtained by opening the rudder several times to 
P and then to S. Powerful transverse force one after the 
other acted in the similar way as the carpenter trying to 
free the wedge not by pulling it out but by several knocks 
from the side. The emerging wake cleared the water from 
ice floes. 


* Polish Salvage Company had four rescue vessels R-27. 
These ships had two 600 BHP diesel engines working 
through reduction gearing on one propeller. The gearing 
was of very complicated design and was easily breaking 
down. This was unacceptable for a rescue vessel. Thus 
we were asked to design an opening rudder which would 
allow simplifying the reduction gearing and improving the 
manoeuvring characteristics of the ship. The design was 
completed, but the owners got a possibility of replacing 
the old reduction gearing by a new one and they have 
decided to purchase the gearing. And thus our design was 
not implemented. 
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SHIPS WITH SPEED ABOVE 20 KNOTS 


Despite all the difficulties we had in full size implementation 
of opening rudder we continued our research on application 
of this rudder on ships with speeds above 20 knots. First 
question asked by any owner was the problem of increase 
in resistance of the ship due to new type of the rudder and 
possible increase in power requirement to maintain the speed 
before new rudder was fitted. The second question concerned 
the benefit from increased manoeuvrability. In order to answer 
these two questions we had to carry out several trials with radio 
controlled self propelled large scale models in model tank as 
well as on a lake at Joniny (Wdzydze Lake). These trials gave 
encouraging results, but it's difficult to state whether model 
tests will be fully confirmed by a full size implementation. 
They can be treated as an indication that we are on the right 
way but the actual values obtained with a ship may differ from 
the values obtained on a ship model. After long discussions, 
the open water trajectory experiments were carried out on the 
lake at Joniny with a model ofa containership m/s *Hollandia" 
of dimensions given in Tab. 6. 

Trajectories of circulation were worked out for initial speed 
of 1.93 m/s, and different angles of opening 70°/-40°; 70°/-25° 
and 45°/-25°. For initial speeds 1.50 m/s and 0.00 m/s only one 
opening of blades was experimented with (Fig. 7). 


a) 15.0 m 


b) 
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Fig. 7. Trajectories of circulation for initial model speed: 
a) 1.93 m/s, b) 1.50 m/s and c) 0.00 m/s and one angle 
of opening the blades: 70°/-40°. 


Tab. 6. Containership m/s “Hollandia”. 


perpendiculars 


Length on waterline Ly, [m] 
B [m] 
T. [m] 
T, [m] 

[m*] 


[m?] 


Block coefficient CB 


Model Scale 1:30 


Trajectories of braking the ship model were worked out 
for three initial speeds of the model: 1.50 m/s, 1.00 m/s and 
0.00 m/s and for three different angles of rudder symmetrical 
opening: 50°/50°; 65°/65° and 80°/80°. From Fig. 8 it can be 
seen that the model running with initial speed 1.50 m/s with 
rudder blades opened to 80°/80° after 30 seconds looses its 
forward speed, begins to move astern and looses control of 
the course. 
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Fig. 8. Trajectories of braking the ship model with initial speeds of model: 
a) 1.50 m/s, b) 1.00 m/s and c) 0.00 m/s and for one angle of rudder 
symmetrical opening 80°/80°. 
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TWIN SCREW SHIPS 


For the purpose of testing a twin screw ship, existing 
model was used and was fitted with two balance rudders and 
alternately with two “Doerffer’s Rudders”. It was a model of a 
ship of length Ly, = 148.85 m in scale 1:20. The resistance tests 
have shown that the model fitted with two “Doerffer’s Rudders” 
had at the speed of 16 knots an increase in resistance by 6.5% 
as compared with ordinary balance rudders which lowered 
the service speed by 0.5 knot. But these rudders improved the 
manoeuvrability especially at low and harbour speeds. Opening 
of rudder blades and flaps and both propellers working forward 
created an astern pull amounting to about 40% of forward 
thrust at service speed. This fact allowed to reach the astern 
speed amounting to about 35% the astern speed with reversed 
propellers i. e. about 5 knots with both propellers working 
forward. This astern thrust allows the shortening of braking 
distance with a full course control by 35%. When the blades 
and flaps are opened to appropriate angles the ship circulates 
with a zero diameter of circulation. 


Fig. 9. Photo of tween screw stern model 


These tests have clearly shown that the owner has to make 
a choice between the service speed and manoeuvrability, based 
on what is more economical for him. Poor manoeuvrability 
may mean hiring the tugs at each harbour entrance, losses in 
time waiting for tugs or weather to improve. Slower steaming 
by 0.5 knot may be of no great importance. 


CONCLUDING REMARKS 


The results of the model tests with “Doerffer’s Rudder” 
carried out in the cavitation tunnel and in the towing tank have 
demonstrated significant and multiple positive effects of the 
device on manoeuvrability characteristics of ships. 


Full size ship trials performed on real vessels — a harbour 
tug and a fishing trawler — confirmed the model test results in 
real working conditions. 
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Sinus: Windows plan SINE 207 3420-1. 3420-1/I 


204. 
205. 
206. 
207. 
208. 
209. 
210. 
211. 
212. 


213. 
214. 


215. 
216. 
217. 
218. 
219. 
220. 


221. 
222. 


223. 


224 


Machinery 


Sinus: Engine room & bow propulsion room arrangement 
SINE 207 4040-1. 4040-1/I 

Sinus: Engine room & bow propulsion room arrangement 
SINE 207 4040-W1. 4040-WVI 

Sinus: Engine room & bow propulsion room arrangement 
SINE 207 4040-W1. Nr 4040-W1A/I 

Sinus: Engine room & bow propulsion room arrangement 
SINE 207 4040-W1. Nr 4040-W I B/I 

Sinus: Exhaust gas piping system SINE 207 4320-1. 4320-1/I 
Sinus: Water cooling system SINE 207 5110-1. 5110-1Л 
Sinus: Fuel oil service & separating piping diagram SINE 207 
5120-1. 5120-1/1 

Sinus: Lubricating oil piping system SINE 207 5130-1. 
5130-1/1 

Sinus: Compressed air piping diagram SINE 207 5140-1. 
5140-1/1 

Sinus: Bilge water piping system SINE 207 5210-1. 5210-1/I 
Sinus: Ballast water piping system SINE 207 5210-2. 5210-2/ 
I 

Sinus: Fuel oil transfer piping system SINE 207 5210-3. 
5210-3/1 

Sinus: Sounding, overflow & venting pipelines plan SINE 207 
5310-1. 5310-1_1/I 

Sinus: Sounding, overflow & venting pipelines plan SINE 207 
5310-1. Nr 5310-1 2/I 

Sinus: Fire water piping system SINE 207 5510-1. 5510-1/I 
Sinus: C02 piping system SINE 207 5530-1. Nr 5530-1/I 
Sinus: Ventilation plan in engine room SINE 207 5600-1. 
5600-1/1 

Sinus: Ventilation plan outside ER SINE 207 5600-2. 5600-2/I 
Sinus: Sanitary & technical water system SINE 207 5710-1. 
5710-1/1 

Sinus: Sanitary water discharge piping system SINE 207 
5720-1. 5720-1/1 

Sinus: Symbols used in diagrams S03-01. S03-01/I 


f) Electrical 


225. 


226. 


227. 


228. 


229. 


230. 


231. 


232. 


233. 


234. 


235. 


Sinus designer steam: Energy balance SINE 207 601-60-01. 
601-60-01/1 

Sinus: Electric network principal diagram SINE 207 61100-1. 
61100-1 

Sinus: Navigation and signal lights and deck lights 
arrangement SINE 207 6820-1. 6820-1/I 

Sinus: Arrangement of cable ways and distribution boards 
SINE 207 6830-1. 6830-1/I 


Lane infrastructure 


M. Stawicka - Watkowska, T. Parteka, B. Felski, 

M. Ptaszynski: An extended design concept of a modular 
stage point for regular inland passenger navigation 

in the East-West relation. 50/1/2004 

М. Stawicka- Walkowska, Т. Parteka, В. Felski, 

M. Ptaszynski: Modular concept solutions of a stage calling 
base for inland passenger and cargo navigation, in the East- 
West relation. 51/1/2004 

A. Kniat, C. Zrodowski, R. Pyszko, D. Duda, A. Labuc, 

К. Czerwienski: A concept of the data base for the 
Incowatrans project. 55/1/2004 

R. Pyszko: Developing a specialist data base. 003/Sprawozd/ 
2004 

C. Zrodowski, L. Szamanek: Model formalisation — 
Compliance of the model and data format, and procedures 

of data transfer with external institutions. Developing 

a specialist data base. 006pg/191/E/05 

A. Kniat, C. Zrodowski: Upgrading version 4.0 of the 
TeamCenter system made by UGS PLM Solutions. Developing 
a specialist data base. 007pg/189/E/05 

A. Kniat, C. Zrodowski: Corrections to the DICTIONARY OF 
TERMS (modification). Developing a specialist data base. 
008pg/190/E/05 
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Remark: Works completed in December 2006 and January 2007 
will be collected as Bibliography — Appendix in the special issue 
81/2007 of the Polish Maritime Research. 


